Voltage sags mitigation techniques analysis by Saudin, Norshafinash
  
 
 
CHAPTER I 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Both electric utilities and end users of electrical power are becoming increasingly 
concerned about the quality of electric power. The term power quality has become one 
of the most prolific buzzword in the power industry since the late 1980s [1]. The issue in 
electricity power sector delivery is not confined to only energy efficiency and 
environment but more importantly on quality and continuity of supply or power quality 
and supply quality. Electrical Power quality is the degree of any deviation from the 
nominal values of the voltage magnitude and frequency. Power quality may also be 
defined as the degree to which both the utilization and delivery of electric power affects 
the performance of electrical equipment [2]. From a customer perspective, a power 
quality problem is defined as any power problem manifested in voltage, current, or 
frequency deviations that result in power failure or disoperation of customer of 
equipment [3]. 
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Power quality problems concerning frequency deviation are the presence of 
harmonics and other departures from the intended frequency of the alternating supply 
voltage. On the other hand, power quality problems concerning voltage magnitude 
deviations can be in the form of voltage fluctuations, especially those causing flicker. 
Other voltage problems are the voltage sags, short interruptions and transient over 
voltages. Transient over voltage has some of the characteristics of high-frequency 
phenomena. In a three-phase system unbalanced voltages also is a power quality 
problem [2]. Among them, two power quality problems have been identified to be of 
major concern to the customers are voltage sags and harmonics, but this project will be 
focusing on voltage sags.  
 
 
Figures 1.1 describe the demarcation of the various power quality issues defined 
by IEEE Std. 1159-1995. [4] 
 
 
 
Figure 1.1 Demarcation of the various power quality issues defined by IEEE 
Std. 1159-1995[4] 
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Three factors that are driving interest and serious concerns in power quality are 
[1]: 
 
i. Increased load sensitivity and production automation. The focus on 
power quality is therefore more of voltage quality as the momentary drop 
in voltage disrupts automated manufacturing processes. 
ii. Automation and efficiency relies on digital components which requires dc 
supply. As public utilities supply ac power, dc power supplies powered 
by ac are needed by the dc loads. 
iii. As more dc power supply are needed the converters that convert ac to dc 
cause harmonics to be injected into the system and hence reduce wave 
form quality 
 
 
 
 
1.2 Problem Statement 
 
 
With the increased use of sophisticated electronics, high efficiency variable 
speed drive, and power electronic controller, power quality has become an increasing 
concern to utilities and customers. Voltage sags is the most common type of power 
quality disturbance in the distribution system. It can be caused by fault in the electrical 
network or by the starting of a large induction motor. Although the electric utilities have 
made a substantial amount of investment to improve the reliability of the network, they 
cannot control the external factor that causes the fault, such as lightning or accumulation 
of salt at a transmission tower located near to sea.  
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Meanwhile during short circuits, bus voltages throughout the supply network are 
depressed, severities of which are dependent of the distance from each bus to point 
where the short circuit occurs. After clearance of the fault by the protective system the 
voltages return to their new steady state values. Part of the circuit that is cleared will 
suffer supply disruption or blackout. Thus in general a short circuit will cause voltage 
sags throughout the system but cause blackout to a small portion of the network [1]. 
 
 
A comprehensive study on the cost of losses due to power quality problem has 
not been carried out yet. However, it has been reported that a petrochemical based 
industries customer in the Tenaga Nasional Berhad, Malaysia system can lose up to 
RM164,000 (US$43,000) per incident related to power quality problem due to voltage 
sag. Another semiconductor-based industry in the Klang Valley has estimated the loss of 
RM5million for the year 2000. Other types of industries such the cement and garment 
industries in Malaysia have also reported huge losses due power quality problems. One 
cement plant has reported an average loss of RM300, 000 per incident [2]. 
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Table 1.1 Cause of TNB network disruption [2] 
 
In general, voltage sags can causes: 
 
i. Motor load to stall/stop 
ii. Digital devices to reset causing loss of data 
iii. Equipment damage and/or failure 
iv. Materials Spoilage 
v. Lost production due to downtime  
vi. Additional costs  
vii. Product reworks 
viii. Product quality impacts 
ix. Impacts on customer relations such as late delivery and lost of sales 
x. Cost of investigations into problem 
 
Therefore, this project intends to investigate mitigation technique that is suitable 
for different type of voltage sags source with different type of loads. 
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1.3 Project Objectives 
 
 
The objectives of this project are:  
 
i. To investigate suitable mitigation techniques for different type of voltage 
sags source that connected to linear and non-linear load. 
ii. To simulate and analyze the techniques using PSCAD/EMTDC software. 
iii. To observe the effect on the characteristic of voltage sag such as the 
magnitude and phase shift for each techniques. 
iv. To make a few suggestions on the suitability of such techniques used for 
both type of loads. 
 
 
 
1.4 Project Scope 
 
 
The scopes for the project are: 
 
i. Mitigation techniques that will be studied 
a. Dynamic Voltage Restorer (DVR),  
b. Distribution Static Compensator (D-STATCOM),  
c. Solid State Transfers Switch (SSTS), and 
ii. All techniques will be tested on different type of loads.  
iii. Analysis will focus on effectiveness of each techniques in mitigating the 
voltage sags 
 
